Background--Limited information is available on the frequency of pulmonary embolism (PE) in patients with an acute ischemic stroke (AIS). We evaluated clinical characteristics, predisposing factors, and outcomes in AIS patients with PE.
S
troke is a leading cause of death and disability. Medical complications after ischemic stroke contribute substantially to poor stroke outcomes. [1] [2] [3] [4] [5] [6] Pulmonary embolism (PE) is a serious medical condition with an annual incidence rate of 0.50 to 0.69 per 1000 persons in the general population. 7, 8 PE carries a high mortality with case fatality at 3 months ranging between 8.6% and 17%. 9, 10 Longer-term mortality can be as high as 24%. 11 The risk of PE, including fatal cases, in patients with acute ischemic stroke (AIS) is well known but insufficiently examined. 3, 12 Studies of in-hospital complications after stroke have often used the combined category of venous thromboembolism (VTE), thus grouping PE with deep venous thrombosis (DVT). 13 In the general medical population, immobility, older age, smoking, hypertension, thrombophilia, and cancer are commonly reported risk factors of PE. 14 All these factors are frequent in AIS patients; yet, no studies have analyzed how they influence the risk of PE specifically in the AIS population. Limited information is available on the impact of PE on stroke outcomes. The aim of our study was to assess clinical characteristics, risk factors, and relevant clinical outcomes in patients who developed a PE within 30 days after an AIS.
Methods
We collected data from the Registry of the Canadian Stroke Network (RCSN). The RCSN is a clinical database of consecutive acute stroke patients admitted to 12 stroke centers in Ontario, Canada from July 1, 2003 to June 30, 2008 that has been collected for the purposes of monitoring quality of stroke care.
Study Design and Data Collection
Patients aged 18 years and older with an AIS were included in this analysis. For the purpose of this study, we excluded patients missing a unique health identifier (n=1518) and those with a transient ischemic attack (TIA) (n=268) or hemorrhagic stroke (n=290) as these represent distinct populations. Details of the RCSN can be obtained from http://www.rcsn.org. The cause of poststroke mortality was obtained through linkages of the Ontario Registered Persons Database (RPDB) at the Institute for Clinical Evaluative Sciences. The RPDB is a population-based administrative database that includes basic demographic data and date of death, and provides complete follow-up for all residents in the province. Stroke was diagnosed by a physician, and each patient had CT or MRI to confirm diagnosis and rule out other causes of stroke. We recorded demographic data as well as clinical variables including vascular risk factors, past medical history of chronic obstructive pulmonary disease (COPD), cancer, pulmonary embolism, DVT, prothrombotic state, stroke types, Canadian neurological scale (CNS), iScore, 15, 16 and laboratory on arrival. Prothrombotic states, including antiphopholipid antibody syndrome (APA)/lupus anticoagulant, hyperhomocysteinemia, Protein C or S deficiency, Factor V Leiden, and prothrombin gene mutation were identified from laboratory reports or hematology consult. Patients with history of VTE, cryptogenic stroke, or stroke at young age received these investigations. Clinically suspected PE was defined by documented physician diagnosis and confirmed by CT pulmonary angiography within 30 days of admission at hospital.
Outcome Measures
The primary outcome was death or disability at discharge defined as the modified Rankin scale ≥3. Secondary outcomes included disposition status, length of hospital stay (LOS), and death at 3 months and at 1 year.
Statistical Analysis
Chi squared tests were used to compare categorical variables, and analysis of variance (ANOVA) or Kruskal-Wallis tests were used to compare mean and median differences for continuous variables. As differences may be significant but not clinically meaningful, we used standardized differences to compare baseline characteristics between those with and without PE. Standardized differences reflect the mean difference as a percentage of the standard deviation. Effect sizes greater than 0.1 are typically felt to be clinically meaningful. 17 Multivariate logistic regression analysis using backward selection was used to identify variables associated with the occurrence of PE and poor outcomes in ischemic stroke patients. Survival function is represented using Kaplan Meyer curves with differences between groups using the log-rank test. 
Outcome Measures
Overall, 1446 (12.8%) ischemic stroke patients died during the hospitalization. Higher in-hospital mortality was found in stroke patients with PE (31.5% versus 12.7%, P<0.001). Total death and disability at discharge (mRS≥3) was significantly higher among AIS with PE compared to those without PE (85.4% versus 63.6%, P<0.001) (Table 2, Figure 1 ). While the mean LOS was 16 days, patients with PE group had longer LOS (36 versus 16 days, P<0.001). AIS patients with PE were also more often discharged to long-term care facilities (21.3% 
Discussion
In this large cohort study including 11 287 patients with AIS, we found PE in nearly 1% of cases. Patients with PE had higher rates of in-hospital death (almost one-third of patients with PE after AIS died in the hospital) and disability, higher case fatality at 30 days and 1 year, higher prevalence of in-hospital complications, and longer LOS. One-third of stroke patients with PE died during the hospitalization and only 1 in 5 patients were discharged home. PE was a predictor of poor outcomes after adjusting for age, stroke severity, and other comorbid conditions. Risk factors for PE in stroke patients included age, stroke severity, history of cancer, previous DVT/PE, or development of in-hospital DVT.
The frequency of PE in AIS in our cohort is consistent with previous studies (0.2% to 0.8%). 2, 3, 18, 19 Kelly et al 20 studied
venous thromboembolism in AIS patients receiving aspirin and graded compression stockings for thromboprophylaxis and PE in 11.8% of patients. In other studies including cryptogenic stroke and patent foramen ovale, PE was found in up 20% to 37% of patients, though the great majority of these cases were asymptomatic and only recognized by dedicated testing required by the research design. 21, 22 Risk factors of PE in the general population are well known, including age, obesity, immobility, cigarette smoking, hormonal replacement, pregnancy, previous medical illness (particularly PE or DVT, cancer, COPD, hypertension, amd congestive heart failure), stroke with limb paresis, thrombophilia, and recent surgery.
14 In our AIS cohort we found higher risk of PE among patients with history of cancer or DVT/PE. In addition, DVT during the acute hospitalization had the highest risk of PE. This is not surprising as stroke patients with an acute DVT during hospitalization are the ones at the highest risk. We found no difference in the distribution of stroke subtypes between patients with and without PE. Similar to other reports, we found AIS patients with PE had more severe strokes. 20 In the International Cooperative Pulmonary Embolism Registry (ICOPER) 9 study of clinical outcomes in 2110 patients with acute PE in a general population, the poor prognostic factors included > 70 years, cancer, congestive heart failure, COPD, systolic arterial hypotension, tachypnea, and right-ventricular hypokinesis on echocardiography. Laporte et al 10 reported that the risk of death in patients with acute PE was associated with age >75 years, immobilization because of a neurologic disease, cardiac or respiratory disease, and cancer. Our study found that in patients with AIS complicated by PE, age of > 60 years and moderate-tosevere stroke severity (CNS<7.5) were associated with poor outcomes. In addition, PE was a predictor of poor outcomes after adjusting from relevant covariates. The in-hospital mortality rate in AIS patients with PE was 31.5% in our study, comparable with previous findings from Taiwan (35.7%) 23 and Germany (46.8%) 2 ; both including a substantially lower absolute number of stroke patients with PE. The 30-day mortality rate of PE in AIS in our cohort was 25.8%, thus higher than the rates reported in association with PE in the general population (8.6% and 17%). 9, 10 Long-term mortality of PE in AIS patients (47.2%) was also higher than previous rates reported in cohorts of PE patients from the general population (24%). 11 It is noteworthy that barely 1 in 2 stroke patients with PE were alive at 1 year in our cohort. PE is a potentially preventable complication after stroke. A review article suggests the coexistence of PE and pneumonia or PE misdiagnosed as pneumonia due to common risk factors and clinical presentations. PE accounts for the largest proportion of early death, highlighting the importance of thromboprophylaxis. 24 More recently, thromboprophylaxis has become one of the quality measures in acute stroke care. 25 Unfractionated heparin (UFH) and low-molecular-weight heparin (LMWH) reduce VTE after AIS. 26, 27 The Clots in Legs Or sTockings after Storke (CLOT) 3 study reported the intermittent pneumatic compression reducing the risk of DVT in AIS with immobility. 28 The American Heart Association/American Stroke Association, 29 Canadian best practice recommendations for stroke care, 30 and the American College of Chest Physicians 31 clinical guideline for ischemic stroke management recommend prophylactic LMWH or UFH be administered to all immobilized patients with an absence of contraindications. In patients who cannot receive anticoagulants for DVT prophylaxis, the use of aspirin and intermittent external compression devices are reasonable. 29 Our study has some strengths and limitations that deserve comment. First, we had no information on factors that may have affected the risk of PE (eg, time to first mobilization, time of antithrombotics use). Second, we had limited information about the performance status of patients with cancer. Third, it is possible that the lack of association between some variables (eg, stroke subtype) could be due to the limited statistical power. Finally, information on the treatment during hospitalization for stroke patients with PE was not available. Despite these limitations, our study provides relevant information about specific risk factors for PE and the impact of PE on stroke outcomes. Other strengths include a large sample size, the adjustment for relevant covariates including stroke severity, and the near complete follow-up of the patients.
In summary, PE is an uncommon but serious medical complication after an AIS. PE after stroke is associated with higher risk of death, worse disability, higher in-hospital complications, and longer LOS. Our findings highlight the importance of ensuring compliance with thromboprophylaxis measures and guideline recommendations for patients with AIS. [29] [30] [31] The risk of PE is higher in older patients with more severe strokes, history of cancer or DVT/PE, or DVT during admission. Early recognition of predisposing conditions may help implement strategies for its early detection and the appropriate preventative measures aimed at improving the quality of stroke care.
